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Since the turn of the century, dermatologists
(1, 2) have been among the early pioneers in
the use of cryogenic modalities for the treat-
ment of benign and precancerous growths of the
skin. Grimmett (3) has shown histological
necrosis extending 1.5 mm of skin depth, fol-
lowing the application of liquid nitrogen with a
Q tip, onto the cutaneous surface. According to
Smith (4), as long ago as 1873, Cohnheim had
demonstrated edema, following freezing of
rabbits' ears at from —7° C. to —8° C.; inflam-
mation was noted at —10° C. to —16° C., and at
—18° C. to —20° C. necrosis was demonstrated.
To our knowledge there is a paucity of informa-
tion regarding the temperature recordings of
human skin subjected to liquid nitrogen applica-
tion.
Cryobiologists have established the critical
temperature needed for cellular and tissue de-
struction to be in the range of between —18° C.
and —20°C. They feel it is in this range that
cellular destruction takes place by extra- and
intracellular ice crystal formations, increased
hydrogen ion concentration within the cell and
protein denaturation.
For the treatment of benign and precancerous
disorders of the skin, extremely low tempera-
tures are not Vital. However, for cryotherapy of
skin malignancies, critically low temperatures
are mandatory, in addition to the significant fac-
tor of the rate of cooling. The thickness of
human skin varies with location, age and sex.
Detailed studies by Gonzalez-Ulloa (5) and
Moretti (6) reveal the thickness of the skin of
the eyelids to be 0.8 mm while that of the palms
and soles measure over 3 mm. For our tempera-
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ture studies, 2 mm skin depth was selected, for
this best represented the average thickness of
the skin of the face, the site of most cutaneous
carcinomas.
PROCEDURE
A linear incision was made through the skin of
the anterior lower thigh of a 70-year-old white
woman, while under spinal anesthesia. The meas-
urement of the skin from the surface through
to the hypoderm was measured at 2 mm and
ascertained with micrometer disc. Thermocouples
were inserted at the junction between the skin and
subcutaneous fat, and resulting temperatures were
directly recorded on a Heath Servo-Potentiometer,
following the application of liquid nitrogen on
various surfaces of the skin. Q tips were immersed
in a thermos jug filled with liquid nitrogen
(—196° C.) had repeatedly applied without pres-
sure to the surface of the skin to obtain under-
lying temperatures (Fig. 1). The specific copper
cylinder disc, in a similar manner (Fig. 2), was
applied but once because it is a far superior beat
sink than cotton and produces a deeper heat
transfer isotherm curve, actually extending beyond
2 mm of skin depth. The patient's normal skin
temperature (ambient) was recorded at +37° C.
RESULTS
With a Q tip, saturated with liquid nitrogen,
three applications were needed within the first
forty-five seconds to reach —17° C. A fourth
application was necessary to lower the tem-
perature to —26° C. Subsequent applications
were needed to prevent the temperature from
rising, and at no time were we successful in
lowering the temperature below —26° C. at 2
mm skin depth (Fig. 3).
When the 1 cm thick, 1 cm and 1.5 cm diam-
eter copper cylinder discs were singly applied
but once, within the first 15 seconds, tempera-
tures of —30° C. were recorded under the skin.
Lowest temperatures from —44° C. and —54° C.
respectively were reached within 45 seconds and
sustained throughout for 75 seconds. At the
end of 150 seconds the temperature of the under-
lying skin following application of the 1.5 cm
diameter, 1 cm thick copper disc was at —40°
C. At this point (Fig. 3), a second application of
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Fia. 1. Temperature recordings at 2 mm skin depth while applying a Qtip saturated with
liquid nitrogen on the surface of the skin. Note that the thermocouple is inserted at the
subcutaneous level of the skin directly below the freezing site.
Fia. 2. Temperature recording at 2 mm skin depth during the application of a 1 cm thick
1.5 cm diameter copper disc cooled in liquid nitrogen (—196 C.).
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Fia. 3. Time and temperature relationships as recorded with a potentiometer at 2 mm of
human skin depth following the use of Q tips and copper disc, cooled in liquid nitrogen.
+
+30
+20
15 30 45 60 75 90 lOS 20 135 50 165 180
TIME ISECONDS)
CRYOGENIC TEMPERATURE STUDIES OF HUMAN SKIN 9
a similar size copper disc, cooled in liquid
nitrogen, was applied to the same site and
within 12 seconds the temperature dropped to
—82° C. and remained at this level for 36
seconds before it began to slowly rise. Using
a 2 cm thick copper disc renders substantially
lower temperatures, and using a disc of 2.5 cm
in diameter produces not only a precipitous drop
of temperature but also a sustained lower tem-
perature.
DISCUSSION
From these temperature studies obtained at
2 mm of skin depth it is quite evident that a
Q tip, saturated with liquid nitrogen, and ap-
plied to the surface of the skin, is adequate
for the destruction of benign and precancerous
growths of the skin. It also explains why a Q tip
with liquid nitrogen is an unsatisfactory moda-
lity for the treatment of malignancy of the skin
which extends deep in the integument and re-
quires uniform and sustained, lower critical
temperatures for their destruction. The Q tip is
also inadequate for producing a rapid rate of
cooling.
With the use of solid copper cylinder discs
1 cm-thick, cooled in liquid nitrogen, the tem-
peratures obtained are higher than the critical
temperature and the rate of cooling needed for
deep tissue destruction. Lower temperatures can
be obtained with the use of 2 cm-thick copper
discs or re-application of the discs to the same
site. Sustained and uniform lower temperatures
are also a quality of copper discs, not appreci-
ated with Q tips.
It is important to point out that a Q tip or
copper disc, used for application of liquid
nitrogen to the surface of the skin, acts as a
heat sink, producing an isotherm curve of heat
transfer within the skin depth, spherical in
shape, and not unlike isotherm curves produced
when radiation is delivered to the skin. The
temperatures recorded with the thermocouple
were obtained at the mid-center of the Q tip and
copper disc at 2 mm depth of the skin; at the
margins of these heat sinks at the same depth,
the temperatures were recorded at 10 degrees
below the central focal point. The copper disc
temperature, after 120 seconds of application
onto the surface of the skin, was recorded at
—130° C. at the shoulder and —96° C. at the
base (the point of junction between the skin
and the disc). These temperatures were obtained
directly from the disc with copper-constantan
thermocouples. These studies demonstrate the
exchange of heat transference between the skin
and the heat sink (copper discs) at a given
time.
The authors (7) in earlier experiments have
corroborated these skin temperature studies in
both dogs and guinea pigs, along with histologi-
cal evidence to show necrosis extending beyond
5 mm of skin depth when copper discs were
used, and only 1.5 mm of necrosis with the
use of Q tips. During the past 17 months the
authors have eradicated 218 cutaneous basal
cell carcinomas and 27 cutaneous epidermoid
carcinomas in 160 patients with the use of
liquid nitrogen applied with copper discs. This
work is in the investigative stage, and extensive
histological studies to date reveal intense neo-
plastic tissue destruction following liquid nitro-
gen application in the manner outlined in this
study. Advantages and limitations of this modal-
ity will be reported at the end of this two years
study.
SUMMARY
A comparative study of skin temperatures
was done with the use of different applicators
saturated in liquid nitrogen. Temperature re-
cordings at 2 mm of human skin depth were
recorded following application of Q tips satu-
rated in liquid nitrogen. Temperatures are not
critically low enough nor sufficiently uniform
to warrant the use of this technic for malignant
lesions of the skin. Q tip applicators should be
used only for benign and precancerous disorders
of the skin.
Copper cylinder discs, cooled in liquid nitro-
gen, render immediate low temperatures of
—30° C. within the first 15 seconds and maintain
critically low temperatures at the end of 90
seconds. This technic is highly effective in
cryosurgical treatment of malignant and deeper-
seated lesions of the skin.
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